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Abstract The aim of this study was to evaluate the
effectiveness of unilateral external ﬁxator as primary and
deﬁnitive treatment for open tibial fractures, fractures with
severe soft tissues injuries, threatened compartment syn-
drome, and in multiply injured patients. Two hundred
and twenty-three tibial shaft fractures (212 patients) were
treated. In open fractures, union was achieved in 25 weeks,
while in closed in 21. There were 18 nonunions, 21 delayed
unions, 4 malunions, 58 pin infections and 3 osteomyelitis.
A reoperation was performed in 42 patients. Fat embolism
was diagnosed in three patients, pulmonary embolism in
ﬁve and deep venous thrombosis in 14. The external ﬁxator
was deﬁnitive treatment in 87.27%. Unilateral external
ﬁxators can be used as primary and deﬁnitive treatment for
complicated tibia shaft fractures. Re-operation or change of
the method must be performed only when there is a delay
in callus formation.
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Introduction
Intramedullary (IM) nailing is considered the method of
choice for treatment of closed diaphyseal fractures of
the tibia. However, there is controversy in the literature
regarding the best way of managing open type III fractures,
tibial shaft fractures with severe soft tissue injuries or com-
partment syndrome, and tibial fractures in multiply injured
patients. It has yet to be determined whether angle-stable
(locking)plateﬁxation,primaryIMnailing,primaryexternal
ﬁxation followed by conversion to IM nailing, or external
ﬁxation as deﬁnitive treatment is the ideal surgical man-
agement for these types of tibial shaft fractures. External
ﬁxation was widely used in the early part of the 20th century
but fell into disregard later with advent of new internal ﬁx-
ationdevices.Itsusewaspopularagaininthe1980sbutthere
were still a number of questions and problems with its use.
Furthermore, there has been considerable debate over the
optimal frame design and biomechanical characteristics of
different ﬁxators.
The purpose of this retrospective study was to evaluate
the results and effectiveness of an unilateral external ﬁxator
(EBI or Orthoﬁx) as a primary and deﬁnitive treatment for
the above examples of high risk injuries.
Patients and methods
Two hundred and twelve patients (223 tibia shaft fractures)
who were treated with unilateral external ﬁxators and
followed by the authors over the last decade are included
in this study. The external ﬁxators were either Orthoﬁx
(Orthoﬁx Inc.) or EBI (Biomet Inc.) using stainless steel
half pins. The inclusion criteria for application of the
external ﬁxators were
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2. impending compartment syndrome in 30 fractures,
3. Gustilo type III open fractures in 139 cases, and
4. 28 fractures in multiply injured patients.
Exclusion criteria were
1. fractures with bone defects,
2. a concomitant fracture of the femur, and
3. intra-articular fractures.
The mean patients’ age at the time of the injury was
36 years (range 15–80 years). There were 170 male and 42
female patients. One hundred and sixty-two patients were
injured in motor vehicle accidents and the remaining 50
injured in falls from a height. The mean time from the
accident to surgery was 10 h.
The fracture patterns were categorized according to the
AO/ASIF classiﬁcation: there were 110 type A fractures,
77 type B, and 36 type C. A radiolucent table was used and
fracture reduction was checked intraoperatively with ﬂuo-
roscopy. In 45 fractures a traction table with calcaneal
pin traction was used to facilitate reduction. Our intention
was to achieve an anatomical closed reduction including
axial and side-to-side compression. Open fractures were
managed by primary soft tissue cover of vessels, nerves,
tendon and bone. Autologous iliac bone graft was used in
nonunions.
The patients were encouraged early movement of the
knee and ankle joints and muscular exercises. Axial dy-
namization and loading was individualized. Early dyna-
mization was allowed only in transverse or short oblique
fractures. Generally, partial weight bearing was allowed
within 6 weeks and full weight bearing within 3 months.
Each patient was evaluated clinically and radiographically
at 1 month postoperatively and subsequently every month.
Fracture healing was assessed by standard radiographic
projections and union deﬁned as dense callus bringing at
least three cortices. After radiographic conﬁrmation of
union, the device was removed with the pins left in place
and the patients were instructed to fully bear weight. If
there were no symptoms or pain, the pins were removed
after 4 days. Range of movement of the knee and ankle
were measured at that stage.
Results
We analyzed the medical records of the 212 patients
admitted to the authors’ institute. Three elderly patients
died due to pulmonary embolism before fracture union and
were excluded from the study. The average follow-up was
2.9 years (range 1–5 years). The mean operative time was
35 min (time for irrigation and soft tissue debridement was
not included). Six criteria were used to evaluate the results
of treatment.
Time to union
Normal healing was deﬁned as union within 6 months,
delayed union as healing between 6 and 8 months, and
nonunion as the absence of healing after 8 months. Mean
time to fracture union for the 139 open fractures that did
not required a change of ﬁxation method or bone graft was
25 weeks (ranged 17–32, median time 28); in the 84 closed
fractures this was 21 weeks (ranged 14–31, mean time 23)
(Figs. 1, 2, 3; Table 1). Primary bone healing occured in
10 fractures and was due to the stiffness of the external
ﬁxators (Fig. 4). There were 18 nonunions and 21 delayed
unions.
Fig. 1 A 45-year-old man with segmental fracture of the left tibia
with severe soft tissue injuries that was managed with unilateral
external ﬁxator. Anteroposterior and lateral radiographs of the tibia.
External ﬁxator was used for fracture stabilization. Postoperative
radiographs (AP and lateral views). Plain radiographs of the tibia
24 weeks postoperative showed fracture union
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A malunion was deﬁned as varus or valgus malalignment
of 5 or more, anterior or posterior angulation of 10 or
more, shortening of 1 cm or more, or rotational malalign-
ment of 10 or more as compared with the contralateral leg.
At the latest follow-up there were 4 malunions with tibial
shortening and one hypertrophic nonunion with shortening
of between 1.5 and 2 cm.
Pin track infection and deep infection
Pin track infection is an inherent problem in external ﬁx-
ation. There were 58 pin track infections. There were three
cases of osteomyelitis, but all in open fractures. Forty-three
pin infections were managed successfully with antibiotics,
while in 15 (7 patients) the pin had to be replaced. In the
three cases of osteomyelitis, intravenous antibiotic treat-
ment was combined with debridement of all necrotic tissue.
All infections eventually resolved.
Final ranges of motion of the knee and ankle joint
and pain
Therewas norestriction to motionofthe kneeand ankle joint
and no patient complained of pain at the latest follow-up.
Reoperations
Severeopentibialfracturesoftenrequirerepeatproceduresin
the form of soft-tissue cover, bone grafting, or exchange
nailing in order to achieve union. All procedures that neces-
sitatedgeneralorspinalanesthesiaandweredirectlyrelatedto
treatmentofthetibialfracturewereincluded.Reoperationwas
performedin42fractures.Thecausesforreoperationwere18
nonunions,10out of21delayedunions, 3withosteomyelitis,
4 malunions and 7 half pin revisions due to infection or
loosening (Table 2),we changed the primary ﬁxation device:
1 device was broken; 10 devices with adjustablejoints within
the pin clamps were changed to non-adjustable types with
intention to allow axial interfragmentary compression. We
also used bone graft for seven delayed unions. In 11 cases (3
osteomyelitis, 4 malunions and 4 nonunions—5 of them with
shortening; 4 malunions and one nonunion) we changed the
device to an Ilizarov circular frame; in 6 nonunion cases we
usedanintramedullarynailand,for 7cases,we changed only
1 or 2 half-pins (Table 3).In all the above cases (except those
whereachangeofhalfpinsonlywasperformed)anosteotomy
oftheﬁbulawasperformed.Intotalwechangedthemethodor
Fig. 3 Plain radiographs of both tibia (right and left) in a 36-year-old man. Unilateral external ﬁxators were used to stabilize the tibia fractures.
Plain radiographs (anteroposterior and lateral) 16 weeks postoperative showed fracture union
Table 1 Mean and Median time (weeks) of fracture union in 139
open fracture and 84 closed fractures that they did not reoperated
Fracture union Time of treatment in weeks
Mean Median
139 open 25 28
84 open 21 13
Fig. 2 Tibia shaft fracture in multiple injured patient with head
injury. Stabilization of the fracture was achieved with unilateral
external ﬁxator. Plain radiographs 14 weeks postoperative showed
fracture union with marked callus formation
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erated fractures united in a mean time of 2.5 months (range
2–4, median time 3 months).
Other complications
In three young patients fat embolism was diagnosed, while
pulmonary embolism was a complication in ﬁve patients
(three died). Deep venous thrombosis (DVT) based on
clinical examination was suspected in 39 patients but
conﬁrmed by a Doppler ultrasonography examination in 14
patients only.
Discussion
Despite improvements in surgical techniques in the last
century, the optimum treatment for open type III tibial
shaft fractures, fracture with severe soft tissues injuries,
threatened compartment syndrome, and tibial fractures in
multiply injured patients remains controversial and major
problems with infection, malunion and nonunion have
persisted [1]. Although it is widely accepted that emer-
gency irrigation and soft-tissue debridement are the cor-
nerstones of initial care for open fractures, there is no
consensus on the best method of obtaining and maintaining
alignment and stability of the tibia. Intramedullary nails
(IM), external ﬁxation, external ﬁxation followed by IM
nailing, and plates have been proposed with, at times, less
than optimal results [2–6].
In recent years, there has been increased interest in
managing open fractures, even type IIIB, with reamed or
unreamed nails [7]. In the belief that immediate intra-
medullary nailing increases the risk of septic complica-
tions, nonunion and pulmonary dysfunction, a sequence in
management using external ﬁxation initially and then
Table 2 Reoperations were performed in 18 nonunion, 10 delayed union, 3 osteomyelitis, 4 malunion and in 7 cases with pin infection or
loosening
Reoperations
Diagnosis Nonunion Delayed union Osteomyelitis Malunion Pin infection, or loosening
No of fractures 18 10 3 4 7
Table 3 In 11 fractures we changed the device to a different one (1 device was broken and 10 jointed devices, all were changed in non jointed
type) and we also used bone graft
Type of reoperations Change of the device to
nonjointed plus bone graft
Only bone graft Ilizarov circular frame Intramedullary
nail
Change 1 or 2 pins
Diagnosis
(no of fractures)
Nonunion (8 cases)
delayed union (3 cases)
Delayed union
(7 cases)
Osteomyelitis (3 cases)
malunion (4 cases)
nonunion (4 cases)
Nonunion
(6 cases)
7 cases
In 7 delayed unions we used only bone graft. In 11 cases we changed the device to an Ilizarov circular frame, in 6 nonunion cases to
intramedullary nail and in 7 cases we changed only 1 or 2 pins
Fig. 4 Open grade III tibia
shaft fracture. Anteroposterior
and lateral postoperative
radiographs. Fracture union was
achieved 20 weeks
postoperatively. Primary callus
formation was noticed (arrow)
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ularly for the treatment of type-III open fractures and in
polytrauma patients [8, 9]. The initial application of
external ﬁxation in open fractures followed by exchange to
an IM nail has proponents and detractors to the technique
[10–12]. Unfortunately, the risk factors leading to infection
and nonunion when managing these types of fractures with
this sequence of ﬁxation are not well deﬁned and the
question on the best time to convert an external ﬁxator to
an IM nail remains unanswered [13, 14]. The major con-
cern is to deﬁne an appropriate time interval between the
removal of the pins and nailing which will allow for the
host’s defense mechanisms to eradicate any residual bac-
teria from the pin sites. In a recent systematic review of 96
open tibial fractures which were treated by external ﬁxation
followed by reamed IM nailing, union was achieved in
92% at a mean time of 38.5 weeks. The mean time of
conversion from external ﬁxation to reamed IM nailing was
26 days, always after complete healing of the pin track and
with a normal ESR. Despite this policy, the overall rate of
deep infection was 17%, with 2.5% of cases developing
chronic osteomyelitis [4].
In comparison, the information currently available
concerning locking (angle-stable) plates is inadequate to
enable a ﬁrm conclusion but, provided that appropriate soft
tissueproceduresarecarriedoutearlybyexperiencedplastic
surgeons, the results of plating are encouraging [2, 15].
External ﬁxation has seen renewal in modern trauma
management and new articles have appeared in the litera-
ture concerning the military use of external ﬁxation in
multiply injured or for the control of soft tissue problems in
casualties of war (Croatia 1991,1992, Iraq 2003) [14, 16,
17]. Several reports of patients treated only by external
ﬁxation have been published with different and conﬂicting
results [4, 18–20]. Compared with intramedullary nailing,
external ﬁxation is associated with a higher incidence of
nonunion, malunion, and reoperations. Recently a meta-
analysis of randomized prospective studies was performed
directly comparing external ﬁxators and unreamed IM
nails. There was no statistically signiﬁcant difference
between the two methods of stabilization with respect to
union, delayed union, deep infection and chronic osteo-
myelitis. The use of external ﬁxation was associated with a
statistically signiﬁcant increased rate of malunion and
further surgery, whereas unreamed nailing showed a sta-
tistically signiﬁcant increase in the rate of failure of the
implant [4]. Bhandari et al. carried out an indirect com-
parison between reamed intramedullary nails and external
ﬁxators from several prospective randomized studies that
compared external ﬁxation with reamed and unreamed IM
nails. They concluded that use of reamed nails signiﬁcantly
reduced the risk of re-operation when compared with
external ﬁxators but not that of deep infection or nonunion
[3]. In our study, the incidence of nonunion and delayed
union was 8.18 and 9.54%, respectively. These are lower
than those published currently in the literature. Kimmel
[21] noted a 13% non-union and 39% delayed union rate
when he reviewed open tibial fractures that were treated
with external ﬁxation. Velazco and Fleming [22], in a
report on 40 open tibial fractures, noted a 12.5% incidence
of delayed union. In the systematic analysis by Giannoudis
et al., a total of 536 open tibial fractures were treated by
external ﬁxation of which 82% were grade-III open inju-
ries. The overall incidence of delayed union (after six
months) was 24% [4]. In the current study, the rate of
malunion was 1.8% while in 5 tibia (2.27%) there was
more than 1.5 cm shortening that did not cause a signiﬁcant
disability. Kimmel [21] and Giannoudis et al. [4] have
found a 26 and 20% rate of malunion, respectively. This
difference may be explained by the effort of the authors to
achieve an anatomic reduction. The incidence of pin track
infection in this series was 26.36% whereas osteomyelitis
developed in three open fractures (1.36%). In the current
literature, the incidence of pin track infection ranges from
32 to 80% while the incidence of deep infection is 16.2%,
with average 4% developing chronic osteomyelitis [4, 21,
22]. The rate of total number of re-operations in our study
was 19.09% with a change of the method or ﬁxation device
necessary in 28 fractures (12.72%). The unilateral external
ﬁxator was deﬁnitive treatment in 192 out of 220 fractures
(87.27%) in this series. Velazco and Fleming noted a 2.4%
reoperation rate [22] whereas in a recent analysis 68.5% of
the fractures required at least one further operation before
union was achieved [4]. In our study bone graft was used in
six cases (2.72%) while the published incidence of bone
grafting is 45% currently [4, 21]. This may be due to
exclusion of all open fractures with bone loss in this series.
Nevertheless, our results with external ﬁxators are better
than the results from previous studies in most respects. This
may be explained by the inherent stability of the device we
used (a rigid side bar), allowing for dynamization of the
fracture, the operative technique, adherence to basic surgical
principles and an effort to achieve an anatomical reduction
including axial and side-to-side compression. With regard to
the quality of fracture reduction, uniplanar devices with a
rigid side bar are usually more difﬁcult to adjust and the
surgeon must take care to ensure a satisfactory reduction
before the external ﬁxator is applied. A good initial reduction
is important no matter what type of ﬁxator is applied, as it is
often surprisingly difﬁcult to achieve a secondary reduction
ifthe primary reduction is unsuccessful. Moreover, the frame
should be maintained long enough to prevent secondary loss
of fracture reduction. Helland et al. [23] noted a signiﬁcantly
faster healing time in patients with exact reductions com-
pared with fractures with greater than 2 mm translational
displacement.
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steel which is substantially stiff. Among the many different
techniques to enhance ﬁxation at the pin–bone interface,
hydroxyapatite (HA) coating of the pins has been shown to
be one of the most effective. The HA coating provides a
signiﬁcant increase in direct bone apposition with a
decrease in the ﬁbrous tissue interposition at the pin–bone
interface. Moroni et al. [24] showed that HA-coated
tapered pins improved the strength of ﬁxation at the pin–
bone interface, which corresponded to a lower rate of pin
tract infection. HA coating, owing to the increase in pur-
chase at the pin-bone interface, may make extracting these
pins more difﬁcult or painful if without anesthesia. Despite
not using HA half-pins, we encountered only three cases of
osteomyelitis.
Movement across a fracture site induces callus for-
mation and promotes healing. External ﬁxation is the
only treatment modality in which such cyclical movement
can be controlled with dynamization. Klein et al.,
after mechanical and histomorphometrical observations,
noticed signiﬁcantly inferior bone healing in the IM nail
group compared to the external ﬁxator group. In their
study, unreamed IM nailing of a tibial diastasis resulted in
a signiﬁcant delay in bone healing [25]. External ﬁxators
can be applied quickly; they provide fracture stability and
alignment with minimal physiologic insult, there is no
metal implant across the fracture site, and there is less
vascular damage in a tibia that may already be compro-
mised, particularly with some types of tibial shaft frac-
tures. Another advantage of external ﬁxators is that a
second operation for removal of the device is not needed,
with implications for cost effectiveness and patients’
morbidity.
The retrospective nature of this study is a relative
weakness but is offset by the large number of patients. This
analysis provides another facet of information to trauma
surgeon managing tibia shaft fractures.
Unilateral external ﬁxators can be used as primary and
deﬁnitive treatment for tibia shaft fractures and are asso-
ciated with a low deep infection rate. Re-operation or a
change of the method or ﬁxation device should be per-
formed only when there is a delay in callus formation.
Advances in the design of ﬁxators and bone pins may have
expanded indications and their use as deﬁnitive fracture
treatment and this may be a real alternative for trauma
surgeons.
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